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SPECIFICATION

[TITLE OF THE INVENTION] OPTICAL SWITCH

[ABSTRACT]

[Object] To provide an optical switch comprising a measuring

device for positioning in only one optical waveguide.

[Construction] An optical switch is constructed by disposing

a beam splitter 5 that transmits signal light with a wavelength

Xi and reflects reference light with a wavelength X2 in the line

of a master side fiber 3 and optically coupling the master side

fiber 3 and "a measuring device 4 for positioning via this beam

splitter 5. This measuring device 4 has a light source 7 for

irradiating a coupled end face lc of an optical fiber 1 with



reference light and a detector 8 for detecting the amount of

light fed back from the coupled end- face 1c, and a master side

connector is positioned relative to the optical fiber 1 so that

the fed-back light amount detected by the detector 8 is

minimized.

[WHAT IS CLAIMED IS:

]

[Claim 1 ] An optical switch which relatively displaces a second

optical waveguide to be optically coupled to a first optical'

waveguide so as to match the optical axis thereof, comprising

a branching coupling means which is disposed in the second

optical waveguide, makes reference light for positioning to

enter the inside of the second optical waveguide, and branches

fed-back light of the reference light from the second optical

waveguide, and

a measuring means which is optically coupled to the second"

optical waveguide via the branching coupling means and detects

the core position of the opposite first optical waveguide,

wherein

the measuring means comprises a light source for irradiating

the coupled end face with the reference light and a detecting

means for detecting the amount of light fed-back from the coupled

end face, and

the second optical waveguide is positioned relative to the first
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optical waveguide so that the amount of fed-back light becomes

maximum or minimum.

[Claim 2] The optical switch according to Claim 1, wherein the

branching coupling means is a beam splitter.

[Claim 3] The optical switch according to Claim 1, wherein the

fed-back light is caused by a difference in reflectance due

to a difference in the refractive index between the core and

the clad at the coupled end face, and the second optical waveguide

is positioned relative to the first optical waveguide so that

the amount of fed-back light becomes minimum.

[Claim 4] The optical switch according to Claim 1, wherein the

first optical waveguide is obtained by doping either one of

the core and the clad with a fluorescent material, and the

fed-back light is caused by the doped fluorescent material.

[Claim 5] The optical switch according to Claim 1, wherein at

the coupled end face of the first optical waveguide, at least

one of the core and the clad is subjected to surface treatment

with a different refractive index.

[Claim 6] The optical switch according to Claim 1, wherein a

wavelength selection means for transmitting the signal light

and reflecting the reference light is disposed in the. first

optical waveguide.

[DETAILED DESCRIPTION OF THE INVENTION]
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[0001]

[Field of the Invention] The invention relates to an optical

switch which displaces optical waveguides such as optical fibers

and planar waveguides relative to each other to match their

optical axis.

[Prior Art]

[0002] In such conventional optical switches, as a method for

optical axis alignment in the case of optically coupling opposite

optical fibers, the following method is known.

[0003] When a movable fiber fixed to a moving stage or the like

is optically coupled to a fixed fiber, reference light is made

to enter from the end of either one of the fixed fiber and the

movable fiber, the optical power of the reference light is

monitored on the other end, and the movable fiber is finely

moved by the moving stage while the level of optical power is

monitored.

[0004] Concretely, rough coupling position data in the x, y,

and z-axis directions are inputted and instructed with a computer,

and the moving stage is driven via a controller for positioning.

In this case, when the optical power is small, the coupling

state is confirmed as defective, and movement in the x and y

directions is further inputted and instructed with the computer'.

Adjustment is made by repeating this operation several times

-4-



until the optical power reaches the maximum value.

[0005]

[Problem to be Solved by the Invention] Thus, in a conventional

optical switch, it is required that a light source for

irradiating reference light is connected to one of the optical

fibers to be optically coupled and a detector for receiving

the light power of transmitted reference light is connected

to theother optical fiber, andmeasuring devices for positioning

must be provided for both optical fibers tobe optically coupled

.

[0006] The present invention was made to eliminate the

above-mentioned defects, and an object thereof is to provide

an optical switch comprising a measuring device for positioning

in only one optical waveguide.

[0007] •

[Means for Solving the Problem] The optical switch relating

to the invention was made in view of the above-mentioned object,

which displaces a second optical waveguide to be optically

coupled relative to a first optical waveguide to match their

optical axis, comprising a branching coupling means which is

disposed in the second optical waveguide, makes reference light

for positioning to enter the inside of the second optical

waveguide, and branches fed-back light of the reference light

from the second optical waveguide, and a measuring means which

-5-



is optically coupled to the second optical waveguide via the

branching coupling means and detects the core position of the

opposite first optical waveguide, wherein the measuring means

comprises a light source for irradiating the coupled end face

with the reference light and a detecting means for detecting

the amount of light fed-back from the coupled end face, and

the second optical waveguide is positioned relative to the first

optical waveguide. so that the amount of fed-back light becomes,

maximum or minimum.

[0008] The optical waveguide includes an optical fiber and a

planar waveguide.

[0009]

[Action] Reference light emitted from the measuringmeans enters

the inside of the second optical waveguide through a branching

mixing means, and is then irradiated onto the coupled end face

.

Fed-back light from this coupled end face enters inside the

second optical waveguide and is fed back by propagating therein.

This fed-back light isbranched from the second optical waveguide

by the branching mixing means, and this light-amount is detected

by the detecting means.

[0010] The amount of fed-back light differs between the core

and the clad of the coupled end face due to the refractive index

difference and doping of a fluorescent material in one of the

-6-



core and the clad, and therefore, the first and second optical

waveguides are positioned relative to each other so that the

refractive index becomes maximum when the fed-back light becomes

the maximum value and the light amount becomes minimum when

the fed-back light becomes the minimum value while the optical

axis match each other.

[0011]

[Embodiments of the Invention] Hereinafter, embodiments of the

invention are described with reference to the accompanying

drawings

.

[0012] The construction of an optical switch is schematically

shown in Fig. 1(a) . The optical switch comprises a connector

unit 2 in which a number of optical fibers 1 are aligned, a

master side fiber 3 disposed opposite the connector unit 2,

and a measuring device 4 for positioning connected to the master

side fiber 3, and among the optical fibers 1 aligned in the

connector unit 2, moves the master side fiber with respect to

the optical fiber 1 on which positioning should be made and

optically couples these with each other.

[0013] In the light path of the master side fiber 3, a beam

-splitter 5 is disposed, and this beam splitter 5 transmits signal

light that propagates through the master side fiber 3 and

reflects reference light for positioning to be described later.

-7-



[0014] In the measuring device 4, an optical fiber 10 forming

the input/output part of this device is optically coupled to

the master side fiber 3 via the beam splitter 5 and a condensing

lens 6, and to the optical fiber 10, a light source 7 for

irradiating the coupled end face 1c of the optical fiber 1 with

reference light for positioning through the master side fiber

3 and a detector 8 for receiving fed-back light of the reference

light from the coupled end face 1c and detecting the light amount

are connected via an optical coupler 9.

[0015] The positioning mechanism of the optical switch thus

constructed is described.

[0016] First, reference light is emitted from the light source

7, and this reference light propagates through the optical

coupler 9, the optical fiber 10, and the condensing lens 6 and

reaches the beam splitter 5. The reference light is reflected'

by the beam splitter 5 and made to enter the inside of the master

side fiber 3. In this beam splitter 5, the signal light to.

propagate through the master side fiber 3 is not reflected but

transmitted, so that this signal light and the reference light

are mixed and made to exit from the master side fiber 3. The

signal light and the reference light are irradiated onto the

coupled end face lc of the opposite optical fiber 1, and light

fed-back from this coupled end face lc enters the master side

-8-



fiber 3 again and reaches the beam splitter 5. Herein, only

the reference light is branched from the- master side fiber 3

and received by the detector 8 through the condensing lens 6,

the optical fiber 10, and the optical coupler 9. The detector

8 detects the amount of this branched light.

[0017] Herein, when the fibers are optically coupled in a

matching oil having the same refractive index as that of the

core of optical fiber 1 and the master side fiber 3, the

reflectances of the core and the clad are expressed as the

following expression provided that the refractive index ni of

the clad of each fiber equals 1.4500 and the refractive index

n : of the core equals 1.4544.

[0018] Core: 0 .

Clad: [ (hi - n2 ) ]/ (m + n 2 ) ]

:
' = 2.24 x 10

-6

Thus, the reflectance differs based on the difference in

refractive index between the. core and the clad.

[0019] Most of the reference light irradiated onto the coupled

end face lc is transmitted through the core la of the optical

fiber 1 when the optical axis of the master side fiber 3 and

the optical fiber 1 match each other, so that the light amount

of the fed-back light due to reflection on the coupled end face

lc becomes minimum. As the deviation between the optical axis

increases, the reflectance on the clad lb increases, and the

-9-



light amount of the fed-back light detected by the detector

8 increases (see Fig. 1(b)). Therefore, the master side fiber

-'3 is positioned with respect to the optical fiber 1 so that

the light amount to be detectedby the detector 8 becomes minimum.

[ 0020 ] The construction in which the beam splitter 5 is provided

in the master side fiber 3 is illustrated, however, it is also

possible that, as shown in Fig. 2, the measuring device 4 is

connected via the optical coupler 1 1 instead of the beam splitter

5.

[0021] Another embodiment of the optical switch is shown in

Fig. 3. In this embodiment, a doped fiber 1 obtained by doping

either the core la or the clad IbwithNd as a fluorescent material

is connected to the front end of the optical fiber 1 via a connector

12. To the front end of the master side fiber 3, a detection

fiber 3' provided with a beam splitter 5 is connected via a

connector 14 . The same components as those of the optical switch

of Fig. 1(a) are attached with the same reference numbers.

[0022] The measuring device 4 comprises a pumping light source

15 for emitting pumping light with a wavelength X-, a detector

16 for monitoring the pumping light, and a detector 17 for

receiving fluorescence (wavelength X$) emitted by the

fluorescent material by receiving the pumping light. The

wavelength Xi of the signal light to propagate through the master
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side fiber 3 requires a difference as a wavelength X2 or X3 .

[0023] The positioning mechanism of the optical switch thus

constructed is described. The pumping light emitted from the

pumping light source 15 is, as in the case of the above-mentioned

embodiment, irradiated onto the coupled end face 13c from the

detection fiber 3' via the optical coupler 9 and the beam splitter

5, etc. The reflected light and fluorescence from this coupled

end face 13c enters the detection fiber 3' again, and reversely

propagates in the entering light path and reaches the optical

coupler 9, and is then branched by wavelengths at the optical

coupler 9 and the respective light amounts are detected by the

detectors 16 and 17.

[0024] The detection fiber 3' is positioned with respect to

the doped fiber 13 so that the amount of fluorescence to be

detected by the detector 17 becomes maximum when a doped fiber

13 with a core 13a doped with Nd" is used, as shown in Fig. 4 (a) ,

and further the amount of fluorescence to be detected by the

detector 17 becomes minimum when a doped fiber 13 with a clad

13b doped with Nd is used, as shown in Fig. 4(b)

.

[0025] The construction in which the detection fiber 3 f is

provided with a beam splitter 5 is illustrated, however, as

shown in Fig. 2, it is also possible that the measuring device

4 is connected via the optical coupler 11 instead of the beam
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splitter 5.

[0.026] Still another embodiment of the optical switch is shown

in Fig. 5 (a) . In this embodiment, in the clad lb of the coupled

end face lc of the optical fiber 1, a thin film 18 with a

reflectance higher than that of the core la is formed. The same

components as those of the above-mentioned optical switches

are attached with the same reference numbers. The detector 8'

is used for monitoring and correcting the light source 7.

[0027] Thus, when a thin film 18 with a high reflectance is

formed in the clad lb, the master side fiber 3 is positioned

with respect to the optical fiber 1 so that the light amount

of the reflected light to be detected by the detector 8 becomes

minimum. The thin film 18 may be formed in the core la, and

in this case, the master side fiber is positioned so that the

light amount of the reflected light becomes maximum. Furthermore,

it is also possible that thin films are formed in both the core

la and the clad lb, however, in this case, surface treatment

must be applied to the core la and the clad lb so as to have

reflectances different from each other . This surface treatment

provides wavelength selectivity that allows only light with

a predetermined wavelength to be reflected or provides

properties such as fluorescence due to a fluorescent material

in addition to providing a difference in reflectance. Instead
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of forming the thin film 18 in the coupled end face 1c of the

optical fiber 1, it is also possible that, as shown in Fig.

5(b), the end face of either one of the core la and the clad

lb (in Fig. 5 (b) , the clad lb) is doped with a fluorescent material

19.

[0028] Still another embodiment of the optical switch is shown

in^Fig. 6. In this embodiment, a wavelength selecting member

20 such as a dichroic mirror having high transmittance for signal

light with the wavelength A* and high reflectance for reference

light with the wavelength X 2 irradiated from the light source

7 is disposed in the line of the optical fiber 1. The same

components as those of the above-mentioned optical switches

are attached with the same reference numbers. In this case,

as shown in Fig. 4(a), the master side fiber 3 is also positioned

with respect to the optical fiber 1 so that the light amount

of the fed-back light with the wavelength to be detected

by the detector 8 becomes maximum.

.[0029] As shown in Fig. 6(b), when a fiber array 2A in which

a number of optical fibers 1 are aligned and formed integrally

is used, the wavelength selecting member 20 can be manufactured

by one process for many optical fibers 1.

[0030] In the embodiments described above, optical fibers are

illustrated as optical waveguides, however, they may be planar
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waveguides.

[0031]

[Effects of the Invention] As described above, in the optical

switch relating to the invention, a branching coupling means

is disposed in the second optical waveguide, and the second

optical waveguide is optically coupled to the measuring means

via this branching coupling means,- and the coupled end face

of the first optical waveguide is irradiated with reference

light from a light source provided in the measuring means, and

the amount of light fed-back from the coupled end face is detected

by a detectingmeans provided in the measuring means . Therefore,

it is not required that both" optical waveguides opposite to

each other are provided with measuring devices for positioning

as .in the prior arts, and it becomes possible to accurately

detect the position for coupling the second optical waveguide

by the branching coupled means provided in the second optical

waveguide and the measuring means.

[BRIEF DESCRIPTION OF THE DRAWINGS]

[Figs. 1] Fig. 1(a) is a construction view schematically showing

the constructionof theoptical switch relating to the invention,

and Fig. 1 (b) is a graph showing the relationship between the

deviation of the relative, coupled position of the master side

fiber and the received light amount of the fed-back light.
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[Fig. 2] is a construction view showing another embodiment of

the optical switch.

[Fig. 3] is a construction view showing another embodiment of

the optical switch.

[Figs. 4] are graphs showing the relationship between the

deviation of the relative coupled position of the master side

fiber and the received light amount of the fed-back light

detected by the detector in the optical switch shown in Fig.

3, wherein Fig. 4(a) shows the case where the core is doped

with a fluorescent material, and Fig. 4 (b) shows the case where

the clad is doped with a fluorescent material.

[Figs. 5] Fig. 5(a) is a construction view showing another

embodiment of the optical switch, Fig. 5(b) is a sectional view

of an optical fiber subjected to another surface treatment.

[Figs. 6] Fig. 6(a) is a construction view showing another

embodiment of the optical switch, and Fig. 6(b) is a sectional

view showing another embodiment of the connector unit.

[Description of Symbols]

1: optical fiber (first optical waveguide), lc: coupled end

face, 3: master side fiber (second optical waveguide), 4:

measuring device (measuring means) , 5 : beam splitter (branching

coupling means) , 7: light source, 8: detector (detecting means)
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[Fig. 3]
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[Figs. 5], [Figs. 6]

(a)

Signal light

7 Light source

8, 8' Detector

9 Optical coupler





Fig.1 •

j
Master side fiber position

Optical axis matching

Fig.3

13 13c * 3" ,5

•±12 13

10

rl
13a. 13b

16

Signal light

"
P°

Pti"LP1erL

r ' I—

15

9 [Pumping ^ .!

17

Ictcctor



Fig.4

(a)

Received
light

amount

Master side fiber position

Optical axis matching

(b)

Received
light

amount

i Master side fiber position

Optical axis matching

Fig.5

(a)

(b)

18
2

V t

18

19

1b 1a

5 3

n
I Detector

Signal light (A,)

Optica)
coupler

Light
source

Detector



20

?
1 5 3

Signal light



This Page is Inserted by IFW Indexing and Scanning

Operations and is not part of the Official Record

BEST AVAILABLE IMAGES

Defective images within this document are accurate representations of the original

documents submitted by the applicant.

Defects in the images include but are not limited to the items checked:

I^BLACK BORDERS

IMAGE CUT OFF AT TOP, BOTTOM OR SIDES

FADED TEXT OR DRAWING

BLURRED OR ILLEGIBLE TEXT OR DRAWING

SKEWED/SLANTED IMAGES

COLOR OR BLACK AND WHITE PHOTOGRAPHS

GRAY SCALE DOCUMENTS

LINES OR MARKS ON ORIGINAL DOCUMENT

REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY

OTHER:

IMAGES ARE BEST AVAILABLE COPY.
As rescanning these documents will not correct the image

problems checked, please do not report these problems to

the IFW Image Problem Mailbox.


